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Abstract
Introduction  We investigated a new metric for assessing the quality of motion of the cervical segments over the arc of 
extension-to-flexion motion after cervical disc arthroplasty (CDA). We quantified: (1) the amount of motion contributed by 
individual spinal segments to the total cervical spine motion, termed segmental motion fraction, and its variation through-
out the arc of extension-to-flexion motion and (2) how cervical disc arthroplasty using two distinct prosthesis designs may 
influence the segmental motion contributions.
Materials and methods  We tested 16 human C3–T1 spine specimens under physiologic loads; first intact, after CDA at 
C5–C6, and then at C5–C6 and C6–C7. The M6-C (Orthofix, USA) and Mobi-C (Zimmer, USA) disc prostheses were used 
in eight specimens each.
Results and conclusions  The designs of the cervical disc prostheses tested significantly influenced the variation in segmental 
motion fraction as the spine underwent motion between the endpoints of extension and flexion. While the mean segmental 
motion contribution to the total cervical motion was not influenced by prosthesis design, the way the motion took place 
between the extension and flexion endpoints was significantly influenced. The M6-C artificial disc restored physiologic 
motion quality such that implanted segments continued to function in harmony with other segments of the cervical spine as 
measured before arthroplasty. Conversely, the Mobi-C prosthesis, while maintaining average motion contributions similar to 
the pre-implantation values, demonstrated large deviations in motion contribution over the extension-to-flexion arc motion in 
ten of 16 implanted segments. Such non-physiologic implant kinematics could cause excessive prosthesis wear and motion 
and stress shielding at adjacent segments.
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Key points
1. The advantages of disc arthroplasty over fusion are based on the premise that 
preservation of physiologic motions and load-sharing at the treated level would 
mitigate the risk of adjacent segment degeneration.

2. Cervical disc prosthesis may alter segmental stiffness and the segment’s contribution 
to the overall cervical motion; thereby disrupting the physiologic load-sharing 
characteristics of the index segment and the harmony among its neighboring segments.

3. We investigated the influence of two cervical disc prosthesis designs on the amount 
of motion contributed by the index segment to total cervical spine motion (segmental 
motion fraction) and its variation throughout the arc of extension-to-flexion motion.

Fig. 1. The M6-C is a non-articulating 
cervical disc prosthesis with a compressible 
core and artificial fiber annulus. Fig. 3. Segmental contribution to C3-T1 motion (termed 

Segmental Motion Fraction). The extension-to-flexion 
motion of the C3-T1 spine in degrees was scaled to 0% 
to 100% of the arc of motion. The variation in the 
segmental motion fraction over the arc of motion is 
quantified using the following entities: mean, peak, and 
RMS error of segmental motion fraction. The average 
values and standard deviations of these entities were 
calculated over the 8 specimens from each
prosthesis group

Take-Home Messages

1. The average segmental motion contribution to the total cervical motion 
(termed, segmental motion fraction) was not influenced by prosthesis 
design; however, the way the motion took place between the extension and 
flexion endpoints was significantly influenced.

2. The designs of the cervical disc prostheses tested significantly influenced 
the variation in segmental motion fraction as the spine underwent motion 
between the endpoints of extension and flexion.

3. The M6-C artificial disc restored physiologic motion quality such that 
implanted segments continued to function in harmony with other segments 
of the cervical spine throughout the arc of motion.

Fig. 2. Mobi-C is a cervical disc 
prosthesis with three components 
articulating in two bearings. 
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Introduction

Several clinical studies have shown cervical disc arthro-
plasty (CDA) to be a viable alternative to anterior cervical 
discectomy and fusion for the treatment of radiculopathy 
and myelopathy [1–6]. The proposed advantages of disc 
arthroplasty are based on the premise that preservation of 
physiologic motions and load sharing at the treated level 
would mitigate the risk of adjacent segment degenera-
tion. A cervical disc prosthesis can accomplish this goal 
by restoring physiologic quantity and quality of motion 
at the treated level.

Clinical studies of cervical spine motion after CDA 
have focused on range of motion (ROM) using radio-
graphs taken at the two endpoints of the extension-to-
flexion arc of motion [7]. Biomechanical studies have 
also investigated the ROM after CDA for various disc 
prostheses designs [8–14]. The results of these clinical 
and biomechanical studies suggest the ROM by itself does 
not have the discriminatory ability to distinguish between 
the motion quality of various prostheses designs.

Individual motion segments of a healthy cervical spine 
move synchronously throughout the extension-to-flexion 
arc of motion. Segmental contribution to total cervical 
spine motion depends on the segment’s bending stiff-
ness and moments applied to the segment. Hypermobil-
ity, indicative of an unstable motion segment, may cause 
a segment’s contribution to vary widely over the arc of 
motion, thereby disrupting the physiologic load-sharing 
characteristics of the index segment and the harmony 
among its neighbouring segments. Segmental motion con-
tribution to total cervical motion was studied by Anderst 
et al. [15] in control subjects and fusion patients. In the 
present study, we used this metric to assess the quality of 
extension-to-flexion motion after CDA. The purpose of 
our study was to investigate the influence of CDA on the 
amount of motion contributed by the index segment to the 
total cervical spine motion and its variation throughout 
the arc of extension-to-flexion motion.

Materials and methods

Specimens and experimental set‑up

The experiments were performed using 16 fresh-frozen 
human cervical spine specimens (C3–T1) from male and 
female donors aged 18–60 years with no previous spine sur-
gery and no evidence of vertebral fractures, disc ossification 
or bridging osteophytes. Spines were assigned to two groups 
of eight specimens each, with the two groups matched based 
on age, gender distribution, preoperative C5–C6 and C6–C7 
disc heights, and ROM (Table 1).

Cervical intervertebral motions were measured using 
an optoelectronic motion measurement system (Certus, 
Optotrak®, Northern Digital, Waterloo, Ontario). A six-
component load cell placed under the specimen measured 
the applied compressive preload and moments. Fluoroscopic 
imaging was used during surgery for implant sizing and 
placement. Sequential fluoroscopic images were taken from 
extension to flexion to document any bone–metal interface 
motions.

The follower load technique [16] was used to apply com-
pressive preloads to the C3–T1 cervical spine during the 
ROM experiments in flexion–extension since the cervical 
spine is always under some level of compressive preload due 
to muscle tone/activity and weight bearing. Details of this 
methodology are described elsewhere [11, 14].

Cervical disc prostheses

Mobi‑C cervical artificial disc

This mobile-core cervical disc prosthesis (Mobi-C, Zimmer-
BioMet, Warsaw, Indiana, USA) has three components that 
form two bearings (joints) (Fig. 1) [17]. The joint formed 
by the polyethylene mobile core with the superior prosthetic 
endplate is spherical, which allows three independent angu-
lar motions. The core forms a planar joint with the inferior 
prosthetic endplate, which allows translational motions (up 
to 1.25 mm) in the sagittal and coronal planes. Thus, the 
Mobi-C prosthesis allows two degrees of freedom (DOF) in 
the sagittal plane. In three-dimensional space, the Mobi-C 

Table 1   Specimen groups

Spines were assigned to two groups of eight specimens each, with the two groups matched based on age, gender distribution, preoperative C5–
C6 and C6–C7 disc heights, and ROM

Prosthesis group Gender M/F Age in years C5–C6 disc height Implant height C6–C7 disc height Implant height

Mobi-C 5 M/3 F 42.3 (6.2) 5.5 mm (0.7) 5 mm (n = 6)
6 mm (n = 2)

5.8 mm (0.6) 5 mm (n = 6)
6 mm (n = 2)

M6-C 5 M/3 F 43.4 (5.2) 5.4 mm (0.8) 6 mm (n = 8) 5.8 mm (0.5) 6 mm (n = 8)



European Spine Journal	

1 3

prosthesis allows three independent angular motions and 
independent translational motions in A–P and lateral direc-
tions, yielding a total of five DOF.

M6‑C cervical artificial disc  The M6-C (Orthofix, Louis-
ville, Texas, USA) is a non-articulating disc with a polycar-
bonate–polyurethane (PCU) core that allows compression 
of the disc prosthesis height [18]. This allows the disc to 
have all six DOF (Fig. 2). The M6-C disc has an artificial 
annulus made of polyethylene fibres woven through holes in 
the two inner metal endplates of the disc. The fibre annulus 
provides added bending stiffness to the disc.

Experimental protocol

Specimens were first tested in its intact (native) state in flex-
ion–extension ( ± 1.5 Nm) with a compressive preload of 
150 N. Subsequently, a C5–C6 disc arthroplasty was per-
formed using either the Mobi-C or the M6-C cervical disc 
prosthesis (Figs. 3, 4). An anterior discectomy that preserved 
the structural integrity of the endplates was performed at 
C5–C6. The posterior longitudinal ligament was transected 
to facilitate more parallel disc space distraction and proper 
placement of the prosthesis [11]. Trial sizing was performed 
to select the prosthesis footprint that maximized the end-
plate coverage without removing the uncinate processes. 
The appropriate prosthesis height was selected based on the 
tightness of the fit, the preoperative intervertebral height at 
the index level, and the heights of the unaffected adjacent 
levels. The specimen with a C5–C6 disc arthroplasty then 
underwent kinematic testing in flexion and extension. In 
the final step, disc arthroplasty was performed at C6–C7, 

Fig. 1   Mobi-C® is a cervical disc prosthesis with three components 
articulating in two bearings. The bearing (joint) formed by the mobile 
core with the superior prosthetic endplate is spherical. The core 
forms a planar bearing with the inferior prosthetic endplate. Zimmer 
Biomet, Inc., Warsaw, IN, USA

Fig. 2   The M6-C™ is a non-articulating cervical disc prosthesis with 
a compressible core and artificial fibre annulus. Figure courtesy of 
Orthofix Inc., Lewisville, TX, USA

Fig. 3   A cervical spine specimen (C3–T1) in the Mobi-C group. a Intact (protocol step 1). b One-level cervical disc arthroplasty at C5–C6 (pro-
tocol step 2). c Two-level cervical disc arthroplasty at C5–C6 and C6–C7 (protocol step 3)
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resulting in two-level disc replacement. Kinematic testing 
was repeated.

Data analysis

Segmental contribution to total C3–T1 motion (termed, 
segmental motion fraction)

Vertebral motion data were analysed to calculate segmental 
motion fractions as the ratios of motion contributions made 

by C5–C6 and C6–C7 segments to the motion of the C3–T1 
spine at each of the approximately 500 data points collected 
over the extension-to-flexion arc of motion. The segmen-
tal motion fraction data were filtered to obtain a smooth 
curve depicting the contribution of each cervical segment 
as a fraction of C3–T1 motion throughout the extension-to-
flexion motion. The extension-to-flexion motion in degrees 
was scaled to 0–100% of the arc of motion (Fig. 5). As the 
specimens had different total C3–T1 ROMs, this allowed us 
to combine data from all specimens for statistical analysis.

Fig. 4   A cervical spine specimen (C3–T1) in the M6-C group. a Intact (protocol step 1). b One-level cervical disc arthroplasty at C5–C6 (proto-
col step 2). c Two-level cervical disc arthroplasty at C5–C6 and C6–C7 (protocol step 3)

Fig. 5   Segmental contribu-
tion to C3–T1 motion (termed 
segmental motion fraction). The 
extension-to-flexion motion of 
the C3–T1 spine in degrees was 
scaled to 0% to 100% of the arc 
of motion. The variation in the 
segmental motion fraction over 
the arc of motion is quantified 
using the following entities: 
mean, peak, and RMS error of 
segmental motion fraction. The 
average values and standard 
deviations of these entities 
were calculated over the eight 
specimens from each prosthe-
sis group and are presented in 
Tables 3, 4, and 5
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Variability in segmental contribution to total C3–T1 motion

For each cervical spine specimen, we calculated the mean 
values of segmental (C5–C6 and C6–C7) contributions to 
the total C3–T1 motion, averaged over the segments’ arc of 
motion before and after disc arthroplasty (Fig. 5). We also 
assessed how each segment’s motion contribution varied 
from its mean over the arc of motion. The variation from 
mean contribution was evaluated using two metrics:

1)	 Peak value of segmental motion fraction (Fig. 5).
2)	 Variance of segmental motion fraction (Fig. 5). Variance 

was calculated using the following formula:

	   where σ2 = variance, N = number of data points 
( ~ 500) collected over the arc of extension-to-flexion 
motion, Xi = segmental contribution as a fraction of C3–
T1 motion at the ith data point, i = 1, …, N, µ = mean 
segmental motion fraction calculated over the arc of 
extension-to-flexion motion, and ∑ = sum calculated 
over the N number of data points.

	   A positive square root of the variance was defined 
as the root mean squared error (RMS error), which is 
mathematically equivalent to calculating the standard 
deviation of the segmental motion fraction of an indi-
vidual segment over the extension-to-flexion motion arc.

Statistical analysis

The segmental motion contributions of C5–C6 and C6–C7 
to total C3–T1 motion (segmental motion fractions) were 
compared before and after disc arthroplasty using paired 
comparisons (paired t tests). This was done separately for 
the Mobi-C and M6-C groups. The results of Mobi-C were 

�
2 =

[

∑
(

X
i
− �

)2
]

∕N

compared to the M6-C using two-sample comparisons 
(t-tests). The level of significance was set as alpha = 0.05.

Results

Range of motion (ROM) (Table 2)

The ROM values for the full arc of extension-to-flexion 
motion were calculated using the extreme flexion and 
extreme extension positions of the spine segments corre-
sponding to ± 1.5 Nm applied moments. The preoperative 
ROM values were very comparable between the M6-C and 
Mobi-C groups across C3–T1 (P = 0.73), C5–C6 (P = 0.70), 
and C6–C7 (P = 0.68).

The C3–T1 ROM in the M6-C group remained nearly 
constant after one-level and two-level CDA (57.4° vs. 56.2° 
vs. 56.8°; P > 0.49). The C5–C6 ROM changed from 14.6° 
preoperatively to 11.7° after C5–C6 CDA using the M6-C 
disc (P = 0.13), while the C6–C7 ROM changed from 11.9° 
to 12.5° after C6–C7 CDA using the M6-C disc (P = 0.54).

Arthroplasty using the Mobi-C disc had a significant 
effect on the ROM across C3–T1 (54.7° vs. 60.5° vs. 64.7°, 
P < 0.05), C5–C6 (13.8° vs. 16.8°, P < 0.05), and C6–C7 
(12.7° vs. 16.7°, P < 0.05) (Table 2). The C3–T1 ROM 
increased by about 5° with each disc arthroplasty, result-
ing in an increase of about 10° in the ROM of C3–T1 after 
two-level CDA.

Segmental motion fractions: mean, peak, and RMS 
error (Tables 3, 4, 5)

Preoperatively, the mean segmental motion fraction of 
the C5–C6 segment during the arc of extension-to-flexion 
motion was very similar between the M6-C and Mobi-
C groups (23.9% vs. 23.0%, P = 0.51) (Table  3). This 
was also true of the C6–C7 segments (20.1% vs. 21.8%, 

Table 2   Range of motion 
(ROM) in degrees for the 
extension-to-flexion arc of 
motion: preoperative, after C5–
C6 CDA, and after C6–C7 CDA

Data averaged over eight specimens in each group and presented as: mean (standard deviation). The pre-
operative ROM values were very comparable between the M6-C and Mobi-C groups. ROM in the M6-C 
group did not significantly change after one-level and two-level CDA, whereas arthroplasty using the 
Mobi-C disc prosthesis had a significant effect on the ROM
*Significantly different from the preoperative value (P < 0.05)
† Significantly different from one-level CDA (P < 0.05)
¥ Significantly different from M6-C CDA (P < 0.05)

Spine segment Preoperative Post-C5–C6 CDA (one-level) Post-C6–C7 CDA (two-
level)

M6-C Mobi-C M6-C Mobi-C M6-C Mobi-C

C3–T1 57.4 (18.0) 54.7 (12.1) 56.2 (15.2) 60.5 (12.9)* 56.8 (13.4) 64.7 (13.8)†

C5–C6 14.6 (4.5) 13.8 (4.2) 11.7 (2.4) 16.8 (3.7)*¥ – –
C6–C7 11.9 (4.0) 12.7 (4.1) – – 12.5 (3.2) 16.7 (4.9)¥
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P = 0.25). The average segmental motion fraction of the 
C5–C6 and C6–C7 segments did not significantly change 
after disc arthroplasty using the M6-C disc (C5–C6: 23.9% 
vs. 22.6%, P = 0.39; C6–C7: 20.1% vs. 22.1%, P = 0.11). 
Similarly, arthroplasty using the Mobi-C prosthesis did not 
significantly alter the average contributions made by the 

C5–C6 and C6–C7 segments to the motion of the C3–T1 
spine (C5–C6: 23.0% vs. 22.8%, P = 0.93; C6–C7: 21.8% 
vs. 19.2%, P = 0.26) (Table 3).

Preoperatively, the peak segmental motion fractions of 
C5–C6 and C6–C7 segments during the arc of extension-to-
flexion motion were similar between the M6-C and Mobi-C 

Table 3   Mean segmental 
motion fractions (%) before and 
after CDA

Data averaged over eight specimens in each group and presented as: mean (standard deviation). Segmen-
tal motion fraction = segmental motion/C3–T1 motion. Preoperatively, the mean segmental motion fraction 
of the C5–C6 segment during the arc of extension-to-flexion motion was very similar between the M6-C 
and Mobi-C groups. The average segmental motion fraction of the C5–C6 and C6–C7 segments did not 
significantly change after disc arthroplasty using the M6-C disc. Similarly, arthroplasty using the Mobi-C 
prosthesis did not significantly alter the average contributions made by the C5–C6 and C6–C7 segments to 
the motion of the C3–T1 spine

Spine segment Preoperative Post-C5–C6 CDA (one-
level)

Post-C6–C7 CDA 
(two-level)

M6-C Mobi-C M6-C Mobi-C M6-C Mobi-C

C5–C6 23.9%
(1.7%)

23.0%
(3.2%)

22.6%
(4.0%)

22.8%
(4.2%)

– –

C6–C7 20.1%
(2.9%)

21.8%
(2.9%)

– – 22.1%
(4.0%)

19.2%
(5.7%)

Table 4   Peak segmental motion 
fraction before and after CDA

Data averaged over eight specimens in each group and presented as: mean (standard deviation). Segmental 
motion fraction = segmental motion/C3–T1 motion. Preoperatively, the peak segmental motion fractions of 
C5–C6 and C6–C7 segments during the arc of extension-to-flexion motion were similar between the M6-C 
and Mobi-C groups. The peak segmental motion fractions after CDA using Mobi-C were significantly 
greater than those after CDA using the M6-C disc prosthesis
*Significantly different from the preoperative value (P < 0.05)
¥ Significantly different from M6-C CDA (P < 0.05)

Spine segment Preoperative Post-C5–C6 CDA (one-
level)

Post-C6–C7 CDA (two-
level)

M6-C Mobi-C M6-C Mobi-C M6-C Mobi-C

C5–C6 36.1%
(6.1%)

33.3%
(7.2%)

38.1%
(4.7%)

58.6%*¥

(20.7%)
– –

C6–C7 29.3%
(4.5%)

32.0%
(7.2%)

– – 35.3%*
(6.4%)

71.9%*¥

(25.9%)

Table 5   RMS error in 
segmental motion fraction 
before and after CDA

Data averaged over eight specimens in each group and presented as: mean (standard deviation). Seg-
mental motion fraction = segmental motion/C3–T1 motion. Preoperatively, the RMS error in segmental 
motion fractions of C5–C6 and C6–C7 segments during the arc of extension-to-flexion motion was similar 
between the M6-C and Mobi-C groups. The RMS error in segmental motion fractions after CDA using 
Mobi-C was significantly greater than those after CDA using the M6-C disc prosthesis
*Significantly different from the preoperative value (P < 0.05)
¥ Significantly different from M6-C CDA (P < 0.05)

Spine segment Preoperative Post-C5–C6 CDA (one-level) Post-C6–C7 CDA 
(two-level)

M6-C Mobi-C M6-C Mobi-C M6-C Mobi-C

C5–C6 6.4%
(3.0%)

4.7%
(2.4%)

8.3%*
(2.6%)

16.7%*¥

(7.9%)
– –

C6–C7 5.1%
(1.9%)

4.6%
(2.0%)

– – 7.9%*
(3.6%)

16.1%*¥

(3.7%)
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groups (C5–C6: 36.1% vs. 33.3%, P = 0.42; C6–C7: 29.3% 
vs. 32.0%, P = 0.37) (Table 4). CDA using the M6-C pros-
thesis changed the peak contribution from 36.1 to 38.1% 
at C5–C6 (P = 0.49) and from 29.3 to 35.3% at C6–C7 
(P < 0.05). However, CDA using the Mobi-C prosthesis 
caused larger increases in the peak segmental motion frac-
tions at C5–C6 and C6–C7 segments (C5–C6: 33.3% vs. 
58.6%, P < 0.01; C6–C7: 32% vs. 71.9%, P < 0.01) (Table 4). 
The peak segmental motion fractions after CDA using Mobi-
C were significantly greater than those after CDA using the 
M6-C disc prosthesis (P < 0.05).

Preoperatively, the RMS error in segmental motion frac-
tions of C5–C6 and C6–C7 segments during the arc of exten-
sion-to-flexion motion was similar between the M6-C and 
Mobi-C groups (C5–C6: 6.4% vs. 4.7%, P = 0.25; C6–C7: 
5.1% vs. 4.6%, P = 0.61) (Table 5). CDA using the M6-C 
prosthesis caused small increases in the RMS error in C5–C6 
and C6–C7 segments (C5–C6: 6.4% vs. 8.3%, P = 0.04; 
C6–C7: 5.1% vs. 7.9%, P = 0.02). However, CDA using the 
Mobi-C prosthesis caused larger increases in the RMS error 
of segmental motion fractions at C5–C6 and C6–C7 seg-
ments (C5–C6: 4.7% vs. 16.7%, P < 0.01; C6–C7: 4.6% vs. 
16.1%, P < 0.01) (Table 5). The RMS error in segmental 
motion fractions after CDA using Mobi-C was significantly 
greater than those after CDA using the M6-C disc prosthesis 
(P < 0.05).

Discussion

In experiments on human cervical spine specimens, we 
quantified: (1) the amount of motion contributed by indi-
vidual spinal segments to the total cervical spine motion 
(segmental motion fraction) and its variation throughout 
the arc of extension-to-flexion motion and (2) how cervical 

disc arthroplasty using two distinct prosthesis designs may 
influence the segmental motion fractions. The designs of 
the cervical disc prostheses tested in this study (Mobi-C and 
M6-C) significantly influenced the variation in segmental 
motion fraction as the spine underwent motion between the 
endpoints of extension and flexion. While the mean segmen-
tal motion contributions to the total cervical motion were 
not influenced by prosthesis design, the way the motion took 
place between the extension and flexion endpoints was sig-
nificantly influenced.

Segmental motion fraction, that is, the contribution of a 
cervical segment to the motion of the cervical spine, would 
depend on the stiffness of the segment and the moments 
acting on the segment (segmental angular motion = applied 
moment divided by segmental stiffness). Preoperatively, 
the two specimen groups were nearly identical in the ROM 
values of C5–C6 and C6–C7 segments (Table 2) and had 
comparable quality of extension-to-flexion motion as meas-
ured by average and peak segmental motion fraction values 
and RMS errors (Tables 3, 4, 5). Disc arthroplasty using the 
Mobi-C prosthesis resulted in segmental stiffness that var-
ied substantially over the arc of extension-to-flexion motion 
in several (10 of 16) implanted segments. This was appar-
ent in the moment versus angular displacement curves (e.g. 
Fig. 6a), where the slope of the angular displacement versus 
moment curve after disc arthroplasty was very steep over a 
small portion of the applied moment, suggesting hypermo-
bility and yielding large variability in the segmental motion 
fraction of this segment during the spine’s arc of motion 
(Fig. 6b). This behaviour was not seen in cervical segments 
that were implanted with the M6-C disc, which showed only 
small variabilities from the mean segmental motion fractions 
as reflected in the relatively small peak values of motion 
fraction and small RMS errors around the mean (Fig. 7a, b). 
The M6-C design with a compliant core and artificial fibre 

Fig. 6   a A sample moment 
versus angular displacement 
curve (kinematic signature) of 
a segment implanted with a 
Mobi-C prosthesis. b The cor-
responding segmental motion 
fraction profile
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annulus provides progressive resistance to angular motion, 
which allows the implanted segment to have physiologic 
ROM while maintaining stability.

The concepts of segmental motion fraction and its vari-
ability during an arc of motion are complements to the 
segmental angular motion versus applied moment curve. 
The moment versus angular motion curve (i.e., kinematic 
signature) of a healthy cervical segment is sigmoidal (see, 
e.g. Figs. 6a, 7a) and is the net result of progressive resist-
ance offered by the intervertebral disc and ligaments as the 
segment undergoes gradual angular motion in response to 
gradually increasing applied moment. It is characterized by 
a high-flexibility region around the neutral posture, which is 
capped at both ends by a region of high stiffness due in part 
to nonlinearly increasing resistance of the disc, tightened 
ligaments, and load sharing by the facets and facet capsules. 
One of the clinically relevant measures of quality of motion 
can be derived from the response of a spinal segment in this 
region of high flexibility (laxity) around the neutral posture 
of the spine. Panjabi postulated that an increased laxity, as 
demonstrated by a substantially decreased stiffness around 
the neutral posture of the spine (see Fig 6a, curve for Mobi-
C), would put increased demand on the spinal musculature to 
provide the stability needed during activities of daily living 
[19]. Increased spinal muscle forces would, in turn, increase 
stresses in the spinal components and may contribute to 
pain. The variation in segmental motion fraction over the 
arc of extension-to-flexion motion is a normalized version of 
the segmental kinematic signature, normalized by the C3–T1 
kinematic signature. Since knowledge of applied moment is 
not needed to calculate segmental motion fraction, it repre-
sents a bridge between clinical and laboratory assessments 
of quality of motion after cervical disc arthroplasty.

In this experiment, each segment of the spine specimen 
was subjected to equal moments superimposed on a constant 

compressive preload. Since the segmental motion fractions 
and their variation are influenced by the type of loading that 
acts on the spine, the values reported in this article may not 
be generalized for all activities of daily living. The actual 
loads acting on the cervical spine in vivo may be different 
as compared to the laboratory scenario, depending on the 
activities of daily living. Nevertheless, the methodology 
presented here offers a standardized way to assess quality 
of motion (in vivo and in vitro) in implanted segments after 
CDA.
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